The application of hepatic P450 reductase null gpt delta mice in studying the role of hepatic P450 in genotoxic carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone-induced mutagenesis.
The cytochrome P450 (P450 or CYP) is involved in both detoxification and metabolic activation of many carcinogens. In order to identify the role of hepatic P450 in the mutagenesis of genotoxic carcinogens, we generated a novel hepatic P450 reductase null (HRN) gpt delta mouse model, which lacks functional hepatic P450 on a gpt delta mouse background. In this study, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) was used to treat HRN gpt delta mice and control littermates. Gene mutations in the liver and lungs were detected, and mutation spectra were analyzed. Pharmacokinetic analyses were performed, and tissue levels of NNK and metabolite were determined. NNK-induced mutant frequencies (MFs) were equivalent to spontaneous MFs in the liver, but increased more than 3 times in the lungs of HRN gpt delta mice compared to control mice. NNK-induced mutation spectra showed no difference between HRN gpt delta mice and control littermates. Toxicokinetic studies revealed reduced clearance of NNK with elevated tissue concentrations in HRN gpt delta mice. To our knowledge, these are the first data demonstrating that NNK cannot induce mutagenesis in the liver without P450 metabolic activation, but can induce mutagenesis in lungs by a hepatic P450-independent mechanism. Moreover, our data show that hepatic P450 plays a major role in the systemic clearance of NNK, thereby protecting the lungs against NNK-induced mutagenesis. Our model will be useful in establishing the role of hepatic versus extrahepatic P450-mediated mutagenesis, and the relative contributions of P450 compared to other biotransformation enzymes in the genotoxic carcinogens' activation.